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^Circuit Singulation s r t„ m nnd Method: 

INIRODUCTIQN 

5 The invenfion relat es t o a method and machme ,o cm arc™ boards or integrated 
circuit packages. 

Field of the Tnvpnrin n 

10 In reeenc years, in the microelectronics industry tee has been a drive for 
1. W, ,ow profile consumer electron.cs product, such a S laptop computers and 
mobde telephone, These consumer elecnomcs products reoune htgh-throughpu, 
assembly of low-cost, .owptoffle and hghtweigh, mtegrated circuit packages 
integrated circuits are packaged in muMp.e umts to achteve the required throughput 
and to reduce handhng req u_ At the end of thus process i, ia then necessary 
to singulate the packaged devices. 

By reducing the area of the integrated cncui, package i, is also possible to reduce the 
area of the drcuit boards on whtch these dev.ces wU, perform ter ftmcdon. To tins 
20 end, cucuit boards are becoming lighter and smaller. 

The materia* from wh.ch mtegrated cucuit packages or cucuit boards are fabricated 
may tnclude, fot example, copper layers, glass fiber layers or weave FR4 BT 
glass/epoxy. adhestves, encapsulants. solder masks ot semtconductor, Anote'type 
25 of circuit boatd, ,s a polymer-based fiextb.e (Hex, cuorit. Also, the invenfion ma, be 

apphed to cut thin , ayers such as liquid ^ ^ a 

thin films as used in displays. 

Figs. A<k) ,„ A(d) show examples of stnps on which several EGA dev.ces are 
,0 mounted. In Fig. A(a) encapsulan, material 1 protects the die 2 and the electrical 
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connections between the die and the substrate 3. The assembly process may require 
the presence of tooling holes and cut out sections 4 for ease of punching. The strip of 
Fig. A(a) is similar to that of Fig. A(a) except that cut out strips are missing, and in 
the strip of Fig. A(c) there are no tooling holes. In the strip of Fig A(d) the 
5 encapsulant covers multiple dies. In this situation, BGA singulation requires that the 
encapsulant be cut also. The dashed lines 5 in the drawings indicate the cutting lmes 
to singulate individual packages. 

A further example of a multiple unit, chip-scale package assembly is shown in Fig. B. 

10 In this example dies are mounted on a substrate in two dimensions to form an N x N 
assembly of BGA packages 6. Fig. B shows the underside of the assembly. Solder 
balls 7 are positioned at the correct position on the circuit board and are then 
reflowed. The reflowed solder balls then form the electrical contact between the 
circuit board and the package. The electrical connection to the die is through the 

15 package substrate. The substrate layers may be copper layers, glass fiber layers or 
weave, FR4, BT glass/epoxy, adhesives, encapsulants, solder masks or 
semiconductor. Referring to the end view in Fig. B the substrate often comprises 
multiple layers which may include solder mask 8, copper 9, dielectric 10, glass 11, 
and epoxy 12. Gold or another conductor may be used in the layer 9 instead of 

20 copper. 

Fig. C shows an example of a circuit board panel containing multiple circuit boards 
21. Such panels may be those used for "smart cards" or mobile telephone circuits. 
The circuit board material may be rigid or flexible material made from laminated 
25 layers of copper layers, glass fiber layers or weave, FR4, BT glass/epoxy, adhesives, 
encapsulants, solder masks, or other materials used in circuit board manufacture. 

The circuit board may be of a flexible material. This type of circuit generally is made 
from layers of copper, adhesive and polymer such ad Kapton polyimide or another 
30 polymer with the required mechanical properties. 
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The electronics mdustry also uses liquid crystal elertm u ■ 

to order ,o suppon the singula^' ' m " S ' be added 

PP "ftesmgulauon process whh wafer saws. The steps include: 

10 ^-"—d laser mark tn boars, pa„e,s or trays 

remova! from boat or tray and mounting on tacky uv 

cutting with saw and cleaning, 
UV .cure, 

placing on trays, 
15 "tarkingandinspecrion. 

Sawing and punchmg of chin vak i. 

(Smnl* P agK ,s described in WO9903128- 

(Srngulanon system for ch,p sca!e packages, and in W098/522.2- 

cutttng head that separates chtp scale pacL ' 
*> Several consumables, such as UV a Z 2 ' h ^ ^ "** 
soiunons must be used. ^ ^ ^ and 

An object of the mvennon is to provide a sv s r, m , * 
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SUMMARY OF THE INVENTION 

According to the invention, there is provided a method for singulating an electronic 
circuit by cutting laminated material joining the circuits , the method comprising the 
5 steps of:- 

generating a laser beam having the following properties: 
a wavelength of less than 400nm, and 

a minimum energy density of 100 J/cm 2 or a minimum peak power 
1 0 density of lGW/cm 2 ; 

aligning the beam relative to a feature or fiducial of the material; and 

training the beam along the material until a cut has been made. 

15 

In one embodiment, beam is moved to have a spatial overlap of consecutive pulses, 
the overlap being in the range of 5% to 95%. 

In one embodiment, the overlap is in the range of 30% to 50%. 

20 

In another embodiment, the beam is moved in a plurality of passes. 

In a further embodiment, the beam is moved in greater than five passes. 

25 In one embodiment, the beam is generated with a pulse repetition rate of greater than 
1kHz. 

In one embodiment, the thickness of the laminated structures may be up to the 
thickness defined by the depth of focus of the laser beam. 

30 
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10 



25 



In one embodiment, the laminate material contains two or more layers selected from 
BT epoxy, glass fibers, copper, gold, poly-imide, adhesive, overmold materials, 
underfills, conductors, dielectrics, stiffeners, stabilisers, protectors or other materials 
as used in electronic packaging. 

In another embodiment, the individual layers of the laminate material have different 
ablation and ionization thresholds, different abalation and ionization rates, and 
different non-linear absorption and non-ionization coefficients. 



In a further embodiment, the beam is generated from a solid state laser with 
characteristic average power peak at a specific repetition frequency. 



a 



In one embodiment, the beam is controlled so that the average power drops as the 
repetition frequency is increased or decreased, and although individual pulse energy 
15 may be increased at a repetition frequency other than the repetition frequency for 
maximum average power the maximum cut rate is achieved at a repetition frequency 
other than either of these frequencies due to the contribution of other laser cutting 
parameters. 

20 In one embodiment, the average power of said laser beam is greater than 3 W, with a 
pulse width less than 100 nanoseconds, a consecutive pulse spatial overlap of 10- 
70%, and a beam diameter less than 70 microns at the 1/e 2 point of a spatial intensity 
profile. 



In one embodiment, the laser beam is generated by a d.ode laser pumped gain 
medium device with a fundamental emission in the 900 to 1600nm wavelength range 
and with second, third, fourth or fifth harmonic generation of V 2 , 1/3, '/«, l/5' h 0 f 
this wavelength which is obtained by placing appropriate crystals in the laser cavity 
or outside the laser cavity. 



30 
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In one en.bod.men,, said laser device may be of the Nd: YAG, ND: YLF Nd YV04 

1 It' COmbman ° nS ° nmPU "^' «- ™* lashng m u,e re,uued range 
and w,ch harmomc general ,o an operaung wavelength of less man 400„m. 

5 in one embodtmen, .he bean, is defivered co the work surface usmg one or more 
tumors mounted on one or more scannmg galvanometers, and m whtch me re q mred 
spoc « „ achierai by use of a „ on . axis pos][ion adjusBneni 

* ^ — er mirror, and ar a srage after me galvanometer mrrror b y L of a 
Bar field lens, or by me use of a combmadon of these lenses. 

In one embodtmen,, me ,aser beam is defivered usmg one or more mrrrors mounred 
o one or more translate, srages, and focusmg is acbreved by me use of a 
•elescope or an on,*,s ,ens before me movmg muaors o, .ens mounred before me 
mple surface and movmg wim me beam defivery mrrror sucfi ma, me focussed 
15 beam is delivered to the sample surface. 

In another embodrmem, me beam is telescoped and focussed ,„ achteve me reouired 
Pot s,e a, me cutfing p, anc W]th , he tetecopc „ m ^ ^ ^ 

20 T ™ S, ; emamS ^ 3 ™ *rce„, ag e of me opnmum spot sue 
20 throughout me range over which the beam ts defivered, and wherem me ange , 
greater than the thickness of the part. 

In a mrmer embodiment, an assts, gas is used to ass.s, the curtmg process to prevent 

ebrts from bemg deposed on me materia, surface, and wherem me asl gas 
cmoves „ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ J 

absorpnon or scattering of consecutive laser fight pulses. 

In a srnl further embodtment, the asstst gas ,s used to provtde an mer, atmosphere to 

30 r:;:™ spec,fic pho,ochem,a ' or ph ~ — f °™ — 
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In one embodiment, a vacuum suction process is used to extract fiimes and solid 
debris generated at the cut surface. 

5 In one embodiment, alignment of the laser beam to a feature on the material surface 
is achieved by use of a sensor and means for image processing to provide the 
coordinates along which cutting occurs, and wherein a beam positioning mechanism 
is controlled to ensure that the laser beam follows the required cutting path. 

10 According to another aspect, the invention provides a circuit singulation system 
comprising: 

means for supporting a set of electronic circuits interconnected by material; 

1 5 a laser beam source comprising means for generating a laser beam having: 

a wavelength of less than 400nm, and 

a minimum energy density of 100J/cm 2 or a peak power density of 
lGW/cm 2 , 

20 a beam positioning mechanism comprising means for directing the beam a the 

material and for training it along cut lines to singulate the electronic circuits. 

In one embodiment, the beam positioning system comprises a series of mirrors, at 
least some of which are movable for directing the laser beam, and a focusing lens. 

25 

In one embodiment, the mirrors are linearly movable. 
In another embodiment, the mirrors are rotatable. 



5 
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Brief DesrHprinn Qfthg Drawing 

Z"X tt wffl more c,eariy understood from ^ «» o f 

""*" *"* *» * ° f ™ only with reference ,o the 
accompanying drawing in which:- 

^ Fig. 1 is a diagrammatic view of a cutting method of the invention; 

Figs. 2 and 3 are diagrams showing control of a laser beam for cutting; 
Figs. 4 and 5 are plots indicating cutting performance; and 
Figs. 6 to 9 inclusive are photographs of cut material cross-sections. 
Description of the Embodiments 

The nrvenuon is based upon use of a iaser oea ra f„ r singuIadon , as shown m 
The process uses an uIuav,o,e t User Co "saw" the pack a g , The Iaser ^ 
extent q ua ll[y cuts whrch generate onjy vapor .eons, use no consu m ah,e S . and do 
not c a use any chips or micro-cracks in the cue edges. 

The concept of photo . ab , ative decomposi(ion ^ maKnai$ ^ 

pu.se, was tnrroduced hy Snntvastn in ,982. (R. Sn.avasan « a.., Appil ed phystcs 
eners, «, page 576, ,982). The hastc mechantstn for marena. retnova, d.ffers from 
■onger waveiength processes in that the energy of tndtvtdual p h „,„ ns „ ultra . VI0let 
wave,e„g, hs ts Cose to the energy of the hoods that ho.d the tnatena, ,„ getr , er 
Exarnp es of the covaient hond strengths of some represent bonds are shown m 
Table ,. ,„ addllion , „ room Kmperanjre wid[h ^ absorptwn ^ 



15 
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sufficient that, a, teas, for organic covalen, bonds, pulsed uteawolet rad,ation in the 
waveiength range below 400„m (>3eV) is suffiden, ,„ cause photo-ablative 
decomposition. 

5 Table 1: Covalent bond strength in polyatorruc organic compounds (Source- 
handbook of chemistry and physics page F239, Ed. 1978-1979, CRC press) The 
corresponding wavelength of a photon with this energy is also shown 



Bond type 


eV 


X 


H3C-CH3 


3.83 


324 


H-CH 3 


4.53 


274 


CH3CO-COCH3 


2.93 


423 


C 6 H 5 CH 2 -N(CH 3 ) 2 


2.66 


466 


F-CH 3 


4.70 




264 



From our investigations into photo-ablative decomposition the following conclusions 
may be drawn: 



15 



20 



Below a certain threshold of fluence or intensity, no ablation is observed 
However, photo-degradation can occur and lead to morphological changes on the 
material surface. (P.E.Dyer et al., Journal of applied physics, 57, p!420, 1985 ■ 
J.H. Brannon et al. , Journal of applied physics, 58, p2036, 1985; R. Snnivasan « 
al., Applied physics 61 p372, 1987) 

The fragments coming off the surface that is being ablated consist of small 
clusters of material and gaseous products. (R.C.Estler et al, Applied physics 
letters, 49, P 1175, 1986; G. Koren et al, Applied physics letters, 44, P 1112, 1984; 
G.S. Hansen et al., Journal of applied physics, pl878, 1990.) 
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• With the exception of 308nm ablation of polyimide (DX. Singleton et al., 
Chemical physics, 144, p415, 1990), the laser pulse duration and shape are 
reported to have a determinant effect on the ablation.(R. Srinivasan et al, Applied 
physics letters, 53,p 1233, 1988.) 

5 

• The photo-ablation process generally occurs on a fast time-scale less than the 
laser pulse width of 20ns. 

• A blast wave is generated following pulse impact and absorption. (R. Srinivasan 
10 et al, Journal of applied physics, 68, pl842, 1990). 

• Absorption coefficient is defined at low power density (mW/cm2) and etch rate 
represents material removal at much higher power densities (mW to MW/cm2). 
As ablation starts with absorption, there is often a link between absorption co- 

15 efficient, alpha, and the etch depth. That is, a strong absorber will have a lower 
ablation threshold (power density) than a weak absorber. However, etch rate for 
a strong absorber can be much smaller as most of the photonic energy is confined 
to shallower depths. This is a common observation. However, this is by no 
means the general case. Absorption is only a necessary condition. It is not 
20 sufficient. A high absorber could relax radiativley or thermally to its original 
ground state. To have photo-ablation requires bond breaking, i.e. a reaction from 
reactant to products via excited state (photo-chemical reaction) or ground state 
(photo-thermal reaction). Secondly, because of the different intensity regime 
between the spectroscopic measurement of alpha and the ablation regime, non- 
25 linear phenomena such as multi-photon absorption could lead to a dramatic 
increase (and then possibly to saturation) of the etch rate with power density. In 
this way, two materials having a similar alpha (i.e. at low intensity) but 
completely different etch rates (at high intensity) because, in one material, two- 
photon or multi-photon absorption sets in. For example, at 355nm the aromatic 
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rings of organic are not yet excited (absorption peaks at 240-280nm). But with 
sufficient power -photon bond breaking may occur. 

• A true description of the processes is difficult because (1) most of the cross 
5 sections and relaxation times are unknown, and (ii) ablation happens in the solid 
state where multi-molecular events, (i.e. the way the energy of the broken bonds 
dissipates into the matrix), mechanical properties, and thermal properties are also 
of importance, 

10 The apparatus of the invention uses an ultra-violet solid state laser to cut materials 
that form chip scale packages such as ball grid arrays, circuit board materials and 
other "thin film" type materials that may form the lamellae of such laminated 
packages. 

1 5 Solid state YAG/ YLF and NV04 lasers and other lasers operating with fundamental 
laser emission in the visible or infra red may be converted to ultraviolet lasers 
through second and third harmonic generation, sum and difference frequency mixing 
in second order nonlinear crystals. 

20 As an example, using lasers operating in the "third harmonic" regime we have 
established that with average power in excess of 3W, we can meet or better the cut 
rate required to match most BGA process line throughputs. 

The apparatus consists of an ultraviolet laser system as described above, and a beam 
25 positioning mechanism. The beam positioning mechanism may be a multiple axis 
stage as illustrated in Fig. 2 or a scanning galvanometer as illustrated in Fig. 3. 

Referring to Fig. 2 a beam positioning mechanism 30 is illustrated. A frame 31 
supports a target 32 to be singulated. The optical path is:- 

30 
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33: laser beam source, 
34: beam optics (expander), 
35: fixed mirror, 
36: fixed mirror, 

37: mirror movable in X direction, 

38: mirror movable in Y direction, 

39: camera for alignment to package features, and 

40: a focusing lens. 



10 



The advantages of the translation^ 



stage approach are: 



• Small spot sizes are possible over a large area 

• Variation in spot s 1Ze may be effectively elnmnated by nnrror control 
^ • Highly repeatable and accurate positioning 

The cut process may be monitored in real time by observing the fight energy reflected 
£ ^ surface of the material bemg cut back-reflected along the pi 1 
-dent beam and on to a photo-electric detector. In the event that the material 
fcen completely cut, there will be no reflective surface and the signal at the d c 
20 w* drop to a background level, ideally Z ero. The reflected fight may be U V " 

1; " C3Se 3 ^ * - wavelength 1S used. In an 

-bo -nt a muxor transparent to Ultraviolet (e.g. 35 5 nm) is used to reflect 
= U^ngrh such as the second harmonic wavelengm (e.g. 5 3 2 nm). In I 
^ instance, there is no input power sacrifice at the ultraviolet wavelength. 

Another possibility ls that the feedback mechanism is the visible to Infrared emisslon 
he Pl ume generated dunng me cuttmg process. In the absence of th 1S plume 

the plume provides information on the material that is being cut. 
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"nee foe s ie na, can be deUvered and processed be Jl!!' ^ P °' ra ' 

layer has been completely cut through A, . ^ ^ 3 

]o ~~»-~:£zez ~ - * - - - * 

A second opnon for beam delivery and p„ !iuon comroI „ , o yje . 
galvanomerer. Fig. 3 shows foe essenrial geomerrv T 8 
«— <nve„ g^merer cofc ^ '~ £ J^-™ - 

mounted Scanni™ * " which 1,16 mirr or is 

• ican ™g from position A to position n ™„ u L 

'5 galvanome.erGalv.1 through an ande G by SCa " nmg 

*• mirror reflect a,o„ s If, T W ^ 0 " emed » Ite 

fixed for po sltlon A ^ AD ,t A T ^ ^ 8a,Van ° meK ' 
dimensions may be marked on b h " y P ° S ' d ° n in "» 

For example, a specimen may be mounted on an XY 
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stage below a galvanometer arrangement. Hlgh speed and ,„.,■■ 

over a small area with a hieh h„ , acceleration is possible 

moves with hi*h Tec ^ ^ ** and slower 

with high accuracy are possible with the XY staee Wh, r . * 

slower moves is low, the overall effect nn """^ ° f 

* galvo/XYstagecombmation Pr ° CeSSmg ^ ^ * ^ 

ge combmanon allows accuracy and speed to be exploited. 

ir;i::;r:: ~ anons ' * ^ — — - - 

of the restdfing « ^ * £ " "* - « and the q ua, ity 
The optical configuration described above deUvers 

cut. Using a lens the beam i f , '° the SMface <° "* 

laser fires puj '^e! " 3 ^ ^ «"* 

- s U c h ,t , here :r ffi r::;rrr :rr fte ^ * a 

tough a mare l! " ^ ™» "« » « 

estabiUr °" mVeSti8at,0m m '° "* «** — we bave 



• The laser, marerial and scanning parameters form a se, of paramer, «, 
beopnmtsedformeoprmrumcurspeedandr.uabry. *" mM 



• The 



cut quality is also affected by the overlap. 
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density is required. } tf hlgher P ei * power 

5 • The high power density (> 100MW/crn2) scalino . , 

P arameter Sp a ^_ 
10 ^liasej^aj^rrieiers 

Wavelength ofthe laser beam. 

- - iS:ri:;;r * a -* * °- ~ 

20 OVCT,ai,:TheOVCTb P^efineda St heperce„ I a )! eof t h, h „• 

acWeve the re, ul red overlap. a "" e t0 ,he sam P'e <° 



Beam diameter- J scan velocity/ 

0ver, ap(%) = - L__^petit^ > 

DianieteT " — xlOO 
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Repetition frequency. * y 



PeakPower= - Ener g> 
pulsewidth 

Pu.se wrddr: Pulse wid* derermrnes Ae peak pow „ ^ ^ ^ ^ ^ 

PeakPowerDensity=^E2^ 
5 Area 

Peak power density is fl* peak p „„ er delivered per „„„ area ( cm'), 
(b) Materia] parameters 

10 Absorption coefficient 

J* linear ab.orp.on coefficient a, deeennmes rhe pe„e tt a,,on deprh of rhe puke 
l ne Beer Lambert law states that 

I = I 0 e- aL 

j 5 * depth at wMch ±£ ^ intensity> ^ ^ (i=i ^ ^ 

L., = Ln2 
a 

20 Two photon absorption may be understood by taking the total absorption as the sum 
of a linear and intensity dependent absorption coefficient given by 

a(I) = a 0+a ,I 

A 
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where „„is the „ near absorpt]on coefficjeM m ^ ^ . fc ^ 
coefficient in m/W and I is the intensity in W/m 1 

5 «?r Si,y ^ a " " 3 WaVCkngth ^ "cents 

fe resntang decease ,„ the wave intensity may be repr£senled mathemaacaUy by 

dl(z) 

— = -a 0 I(z)- O! l=(z) B 

where , is me dtsrance that the wave has prepaid in meters, taxation of this 
expresston yteids ,he tncenstty of the wave as a hancrion of t he drstance Lagared 



1(2) = . 



I e" a 



where I. * *e inida, intensity of the wave . If ^ . 

a sorpnon, „, „ 2er0 and thls reduces ^ ^ ^ ^ ^ ^ ^ 

a^io, ,„ che presence of ewo-phoron ahsorpnon an density l.mttmg £ff ecr 



Constdenng these expresses the followtng conclusions may be drawn. 

• Energy may be absorbed even if the , 0 w mtensiry absotptton coemcen, is zero. 



• As the mtensity is increased the total energy absorbed tncreases (A) 

• As Intemny is Increased in the pr£sence of ^ pho[on ^ 
whtch the tntensity is above a threshold value, I„, mcreases also. 
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Multi-photon absorption- 

5 Nonlinear absorption: 

Other nonlinear absorption processes inchirf*. a h 

— and phco-ionisL. ^ «™* 

10 rr ,o ensure te ~ * - — ~ - - 



15 



Cy^tescaUng^^^ 
Based on the parameter space described it ,s 



possible to state the following. 
• The wavelength should be less than 400nm. 

20 ' The mimmum energy density should be 100JW or th 

density should be 1 .0GW/cnr\ mmimUm ^ P ° Wer 

• For a given laser pulse energy, the scan rate ^ 

r„ • and re P e ntion rate define overbn 

» ir:;:r rae and repedd °- ~ — - - -in 

m scan rate. i.e. [he cut rate decreases linearly. 
• For . gIvcn pulse repe ,,„ on ^ 

2 — ,„ cu, , hr0U8h . samp|e ^ ^ * > 

P 15 ™ FW W - •* avera 8 e power up J <w 
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10 



15 



20 



working at the optimum cut rate and with parameters set to achieve this, the 
increase generally follows a linear trend. As well as standard photo-ablation, 
nonlinear absorption and ionization effects occur in the higher power density 
regime (greater than 100MW/cm 2 ). 

• Accordingly, the cut rate increases with a linear or better than linear dependence 
on pulse energy. For the UV lasers described above, it is possible to reduce the 
number of scans required to achieve cutting by: 

• optimising the cut rate at a low power of 3 W, and 

• by scaling the average power output upward such that the only parameter to 
change is the pulse energy (for example yielding 15W average power),. 

Depending on the material it may be possible to reduce the number of scans by five 
(15W/3W, linear), more than five (super-linear) or less than five (saturating) to 
achieve complete cutting. Generally, for the materials in chip scale packages, circuit 
boards and flex circuits, the cut rate increases linearly or "super" linearly as pulse 
energy is increased. 

As example of the scaling laws above consider a 1 mm thick multi-layer structure. 
We achieve a cut rate of 4.2 mm/s with an average power of 3W. This is achieved 
with a repetition rate of 5.5 kHz, pulse-width of 95ns, scanning at lOOmm/s and with 
a 25micron spot size. This requires a total of 24 passes to cut through and achieve 
the quality required. For this example the corresponding energy density (or fluence) 
and peak power density may be calculated as: 



Average Power Density = 



Energy Average power 



= HL//cnr 



Area repetition rate x Area 



Peak Power Density = 



Peak power 



Average power 



= \2GIV / cm- 



Area 



repetition rate x pulse width x Area 
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rr ; scan rate 10 3oomm/s -* - «««*» „« „ ,, 5 mz 

I W, Th ls requues an avsrage poMr of ^ . wj[hta 
5 diode pumped UV solid state lasers. 

Increasing the power ^ „ ^ ^ ^ 

10 

Keeptog aU of the above parameters the same, frtnher improvements ( cnt rate 
-eases) are possrble by reductng the pufce-widd, Reducntg pulse-width for a fitted 
nergy resnhs in an tncrease in pea k power. Nonfinear processes are 

22 " PCal P0WCT ^ *" *" « ' ^r: 

reftacnon process contnbutmg to me rate of materia, remova,. redocmg the pu.se- 
Ablatton also shows a strong pulse width dependence. 

A mrther parameter that affects the beam energy/power denstty a, the sample is the 

zr r f r po ~ r densi * average power **» «* — « * 

r \ reSU " " a " mCraSe ma '™ 1 — ■ Eventually, however 

* ^ or w.dth of me cutrmg regton phystcafiy occludes marerta, removal and ii 
- -sary to ensure a suffice,, k erf wtdm to mamtam the matena, removal rate 

0 fghdy wtl, reduce the depth of field. Pmally, reproducibthty of the postnonta 

opttmum beam diameter lies in the range from 8 to 70 mtcrons. 

30 The parameter space is then defined by (tn no particular order): 
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Pulsewidth : < 100ns 
Beam waist : < 70 microns 
Average power : >3W 
5 Repetition frequency: > 1kHz 
Number of passes: > 1 
Wavelength : < 400nm 

Overlap ( rep rate and scan rate dependent): 5% to 95%, and preferably 30% to 50%. 
Minimum energy density of 100J/cm 2 or a minimum peak power density of 
10 l.OGW/cm 2 . 

EXAMPLES: 

Example 1: Flex circuit packages and liquid crystal sheet 
15 The laser was a frequency tripled Q-switched Nd: Yag laser. The laser stability was 
better than 7% about the mean and the mode operation was in the fundamental 
TE Moo The operating specification is shown in Table 2. 

Table 2: Laser parameters for Example 1. 

20 



Parameter 


Value 


Wavelength 


355nm 


Average power 


4W 


Pulse-width 


95 ns 


Rep Rate 


5.5kHz 


Pulse energy 


0.727mJ 


Fluence 


148J/cm2 


Peak Power 


7.7KW 


Peak Power density 


1.56 GW/cnr 
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The cutting parameters for five representative flex circuit materials were used. The 
samples consist of solder mask, poly-imide and adhesive in various laminations. 

Sample #1: Contains 5 layers of material. 2-poly-imide, 2-adhesive, 1- solder mask. 
5 Sample #1A: Sample is identical to sample # 1 except for the continuation of the 
solder mask over the heat bond area on one side. 

Sample #2: Sample contains 3 layers of material. 1 -poly-imide, 2-solder mask. 

10 Sample #3: Sample contains 5 layers in the non-copper loaded areas. 3-poly-imide, 
2-adhesive 

Sample #4: Sample contains 3 layers of material(l -liquid crystal polymer, 2-solder 
mask 

15 

The optimum rep rate was established by varying the rep rate and scan speed, 
ensuring similar overlap and counting the number of passes required to machine 
through. Although the rep rate could be tuned up to 15kHz the optimum machining 
performance is obtained when the average power is near the peak. At this point the 
20 individual pulse energy may not be at a maximum but the total delivered energy is 
such that that cutting occurs in the fastest possible time. 

The conclusion that may be drawn from the graphs in Figs. 4 and 5 is: 

25 • Above a power density of 0.5 GW/cm2, by varying the pulse energy only, the cut 
rate increases without saturation. This relationship varies slightly depending on 
the sample type and thickness but the relationship may be defined as linearly 
proportional or better. 

30 Example 2: Over molded ball grid array package: The effect of overlap. 
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Using the same laser operating parameters as m Example 1 the cut rate for a 1mm 
thick overmolded BGA package was measured as 4.2mm /sec at 3W average power. 
This was accomplished by using 24 passes at a speed of lOOmm/s ( approx. 50% 
5 overlap at the FWHM intensity point). 20X and 100X SEM images of the edges 
obtained are shown in Figs. 6 and 7 respectively. The sample consists of solder 
mask, glass fiber matrix, epoxy and adhesive, copper and encapsulant regions. It is 
clear that the edge quality is defect free. The open space that appears is likely due to 
the free volume of the encapsulant material. 



The experiment was repeated with two passes and scanning with a speed of 
8.3mm/sec. This corresponds to a 93% overlap for a 25 micron spot. The 20X and 
100X SEM images of the edge are shown in Figs. 8 and 9 respectively. It is very 
clear that the cut quality is not as good as in the case for 50% overlap and that this is 
1 5 an important factor in achieving the required cut quality. 

The following example indicates the laser beam power requirements. 
1mm thick multilayer overmolded BGA package (see Example 2). 

20 Average power used = 3W 
Repetition frequency 5.5kHz 
Spot size 25 microns ( 1/e 2 ) 
Scan speed lOOmm/s 

Number of passes required to cut through = 24 

25 

Effective cut rate = 4.2mm/second 



Energy density = 




= I 1 1 J / cm " 



repetition frequency * area 5500 * it * (12.5x10 " 4 ) : 




= 1 1 1 J cm" 
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Depth of focus: 



oj(z) = u 0 



1 + 



( Xz V 



Where o(z) is the beam waist at a distance z from the minimum beam waist at oo 0 
5 and X is the wavelength. Allowing 5% spot size variation, i.e. co(z)=1.05 o) U 

With (Do = 25 microns and at a wavelength of 355nm and solve for z=Az 

0.32ti(25x10^) 2 

Az = ± - 

355x10 9 

Az - ±1 .7mm 

Form this data we can conclude that the energy density, peak power density and 
1 0 average power density regime is unique and also that the depth of focus over which 
this regime can exist yields a completely new set of parameters for laser machining 
using Ultraviolet light. 



Using a laser of this type with an average power greater than 3W yields a completely 
1 5 new regime of power densities which may be applied to the efficient machining of 
multiple layer and composite materials such as those used in electronic 
manufacturing. 



It will be appreciated from the above that the invention achieves the following 
20 advantages over the prior art. 



1 . Speed improvement: 



• Parts transferred directly from previous process in panel, strip, or boats 
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• For example, for singulation of a package having a thickness of 1mm, a speed of 
greater than 1000UPH (units per hour) is achieved with a 5W laser. This may be 
greater with more power. 

• No cleaning is required 

5 

2. Cost reducti on over existing saws 

Unlike use of a diamond saw, the laser cutting process does not incur costs 
associated with wafer saw, for UV tape deionised water, drying, and for saw 
10 consumables. 

3. Space 

Laser excising consumes less space in class 1000 clean room area. Laser excising 
5 and inspection require only approximately 2 square metre, as opposed to 
approximately 5 square metres for prior art sawing, handling, and inspection 
equipment. 



0 



4 Cut q uality 



The excising method of the invention results in much smaller "kerf. Typically in the 
prior art methods saws are given 250um waste area and use 175um cuts. In the 
invention, the waste area is 25um or less. Thus, the invention achieves greater "real 
estate" for components, particularly small components. Also, the invention achieves 
5 edges with less stress and no micro-cracking. 

The invention is not limited to the embodiments described but may be varied in 
construction and detail within the scope of the claims. 
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Claims 

1. A method for singulating an electronic circuit by cutting laminated material 
joining the circuits , the method comprising the steps of> 

generating a laser beam having the following properties: 
a wavelength of less than 400nm, and 

a minimum energy density of 100 J/cm 2 or a minimum peak power 
density of lGW/cm 2 ; 

aligning the beam relative to a feature or fiducial of the material; and 

training the beam along the material until a cut has been made. 

!. A method as claimed in claim 1, wherein the beam is moved to have a spatial 
overlap of consecutive pulses, the overlap being in the range of 5% to 95%. 

A method as claimed in claim 2, wherein the overlap is in the range of 30% to 
50%. 

A method as claimed in claims 1 or 2, wherein the beam is moved in a 
plurality of passes. 

A method as claimed in claim 4, wherein the beam is moved in greater than 
five passes. 

A method as claimed in any preceding claim, wherein the beam is generated 
with a pulse repetition rate of greater than 1kHz. 
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7. A method as claimed in any preceding claim, wherein the thickness of the 
laminated structures may be up to the thickness defined by the depth of focus 
of the laser beam. 

8. A method as claimed in any preceding claim, wherein the laminate material 
contains two or more layers selected from BT epoxy, glass fibers, copper, 
gold, poly-imide, adhesive, overmold materials, underfills, conductors, 
dielectrics, stiffeners, stabilisers, protectors or other materials as used in 
electronic packaging. 

9. A method as claimed in any preceding claim, wherein the individual layers of 
the laminate material have different ablation and ionization thresholds, 
different abalation and ionization rates, and different non-linear absorption 
and non-ionization coefficients. 



15 

10. 



A method as claimed in any preceding claim, wherein the beam is generated 
from a solid state laser with a characteristic average power peak at a specific 
repetition frequency. 



20 11. A method as claimed in any preceding claim, wherein the beam is controlled 
so that the average power drops as the repetition frequency is increased or 
decreased, and although individual pulse energy may be increased at a 
repetition frequency other than the repetition frequency for maximum average 
power the maximum cut rate is achieved at a repetition frequency other than 

2^ either of these frequencies due to the contribution of other laser cutting 

parameters. 



12. 



A method as claimed in any preceding claim, wherein the average power of 
said laser beam is greater than 3W, with a pulse width less than 100 
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nanoseconds, a consecutive pulse spatial overlap of 10-70%, and a beam 
diameter less than 70 microns at the 1/e 2 point of a spatial intensity profile. 

13. A method as claimed in any preceding claim, wherein the laser beam is 
generated by a diode laser pumped gain medium device with a fundamental 
emission in the 900 to 1600nm wavelength range and with second, third, 
fourth or fifth harmonic generation of !£, 1/3, l / 4 , l/5 th of this wavelength 
which is obtained by placing appropriate crystals in the laser cavity or outside 
the laser cavity. 



14. A method as claimed in claim 13, wherein said laser device may be of the Nd: 
YAG, ND: YLF, Nd;YV04 or the other combinations of Impurity:Host gain 
media lasting in the required range and with harmonic generation to an 
operating wavelength of less than 400nm. 

15 

15. A method as claimed in any preceding claim, wherein the beam is delivered 
to the work surface using one or more mirrors mounted on one or more 
scanning galvanometers, and in which the required spot size is achieved by 
use of an on-axis lens position adjustment at a stage before the galvanometer 

20 mirror, and at a stage after the galvanometer mirror by a lens of a flat field 

lens, or by the use of a combination of these lenses. 

16. A method as claimed in any preceding claim, wherein the laser beam is 
delivered using one or more mirrors mounted on one or more translational 

25 stages, and focusing is achieved by the use of a telescope or an on-axis lens 

before the moving mirrors or lens mounted before the sample surface and 
moving with the beam delivery mirror such that the focussed beam is 
delivered to the sample surface. 
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17. A method as claimed in any preceding claim, wherein the beam is telescoped 
and focussed to achieve the required spot size at the cutting plane with the 
telescope or scan lens chosen such that 'the beam waist remains within a 
specified percentage of the optimum spot size throughout the range over 
which the beam is delivered, and wherein the range is greater than the 
thickness of the part. 

18. A method as claimed in any preceding claim, wherein an assist gas is used to 
assist the cutting process to prevent debris from being deposited on the 
material surface, and wherein the assist gas removes material generated 
during the cut process so that it does not create absorption or scattering of 
consecutive laser light pulses. 

19. A method as claimed in claim 18, wherem the assist gas is used to provide an 
15 inert atmosphere to prevent unwanted specific photochemical or photo- 
physical reactions form occurring during cutting. 

20. A method as claimed in any preceding claim, wherein a vacuum suction 
process is used to extract fumes and solid debris generated at the cut surface. 

20 

21 . A method as claimed in any preceding claim, wherein alignment of the laser 
beam to a feature on the material surface is achieved by use of a sensor and 
means for image processing to provide the coordinates along which cutting 
occurs, and wherein a beam positioning mechanism is controlled to ensure 

25 that the laser beam follows the required cutting path. 

22 . A method substantially as described with reference to the drawings . 



23. 

30 



A circuit singulation system comprising: 
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for supporting a set of electronic circuits interconnected by material; 

beam source comprising means for generating a laser beam having, 
a wavelength of less than 400nm, and 

a minimum energy density of 100J/cm 2 or a peak power density of 
lGW/cm 2 , 



a beam positioning mechanism comprising means for directing the beam a the 
material and for training it along cut lines to singulate the electronic circuits. 

A circuit singulation system as claimed in claim 23, wherein the beam 
positioning system comprises a series of mirrors at least some of which are 
movable for directing the laser beam, and a focusing lens. 

A circuit singulation system as claimed in claim 24, wherein the mirrors are 
linearly movable. 



26. 



A circuit singulation system as claimed in claim 24, wherein the mirrors 
rota table. 
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Fig. A(a) 
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Fig. A(b) 
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Fig. A(c) 




Fig. A(d) 
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Fig. 2 



5 / 10 




6 I 10 



WO 01/10177 



PCT/IEOO/00095 




Figure 6: 20X magnification SEM ( no coating) illustrating clean edge quality 
achievable using multiple passes at high speed. 
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Figure 8: If the number of scans and scan velocity are reduced the edge quality 

deteriorates signifiantly. 
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Figure 9: 100X magnification of fig 8. Delamination of the ^Sbt^^S 
of glass fiber and re-deposition of debris occurs if the machining process is not 

optimized . 
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